Objective: The new definitions for metabolic syndrome (MS) proposed by the IDF and revised NCEP have caused some confusion because patients have emerged that have satisfied the revised NCEP but not the IDF criteria. We performed this study to compare the prevalence of these criteria and to investigate the characteristics of discrepant cases. Research design and methods: A total of 7962 individuals aged X 20 years (3597 men; 4365 women) who participated in the 1998 Korean NHANES were included. We assessed the agreement between the revised NCEP and IDF criteria and investigated the characteristics of cases satisfying the revised NCEP criteria but not the IDF criteria. Results: The prevalence of MS by the revised NCEP (25.7% of men and 31.9% of women) was higher than that according to the IDF (14.2% of men and 26.6% of women). The IDF criteria failed to identify 44.9% of men and 16.6% of women identified as having MS according to the revised NCEP criteria. The discrepant group showed more adverse metabolic profiles and unfavorable lifestyles despite lower waist circumference as compared with those having MS by both the IDF and revised NCEP criteria. The prevalence of discrepant cases was higher among the elderly. Conclusions: The IDF criteria were inferior to the revised NCEP criteria in identifying the metabolically abnormal but nonobese groups known to be predisposed to type 2 diabetes and cardiovascular disease. Further research regarding the appropriateness of central obesity as an obligatory criterion proposed by the IDF seems to be warranted.
Introduction
Metabolic syndrome (MS) is generally considered to be the concurrence of abdominal obesity, high blood pressure, insulin resistance/glucose intolerance and dyslipidemia. 1 Patients with MS are at increased risk for developing type 2 diabetes as well as cardiovascular disease (CVD). 2, 3 Insulin resistance and central obesity 4 have been acknowledged as important causative factors for metabolic syndrome, but its exact mechanism has not been clarified, which has caused some confusion and has led to develop different diagnostic criteria. The most widely accepted criteria have been those proposed by the World Health Organization (WHO), 5 the European Group for the Study of Insulin Resistance (EGIR), 6 and the National Cholesterol Education Program-Third Adult Treatment Panel (NCEP ATP III). 7 All of these organizations have suggested that the core components of MS are obesity, insulin resistance, dyslipidemia, and hypertension, but they have applied the criteria differently in identifying the cluster of syndrome components. Therefore, there have been cases that could be classified as MS by one definition but not by the others. The International Diabetes Federation (IDF) 8 and American
Heart Association (AHA)/National Heart, Lung, and Blood Institute (NHLBI) 9 recently proposed a new, worldwide definition of MS intended to facilitate its clinical diagnosis and simplify the comparison among data from different studies. A distinctive feature of the IDF criteria 10 is that ethnic-specific abdominal obesity is essential for the diagnosis of the syndrome. The IDF defines MS as the presence of central obesity plus two other metabolic risk factors. The revised NCEP criteria according to the AHA/NHLBI 9 maintain the NCEP ATP III criteria 7 except for minor modifications. The threshold for impaired fasting glucose was reduced from 110 to 100 mg/dl, and lower waist circumferences were applied to Asians, as with the IDF criteria. Discrepant cases exist that satisfy the revised NCEP criteria but not the IDF criteria because the IDF criteria require central obesity as a prerequisite for the diagnosis of the MS. We performed this study to (1) investigate the prevalence of MS in Koreans according to the revised NCEP and IDF criteria, (2) assess the agreement between the revised NCEP and IDF criteria in defining MS, and (3) identify the characteristics of subjects with MS who satisfy the revised NCEP but not the IDF criteria.
Research design and methods
Korea national health and nutrition examination survey This study was based on the 1998 Korea National Health and Nutrition Examination Survey (KNHNES). The selection methods for obtaining a nationwide representative sample of Koreans are described elsewhere. 11 Complete data were obtained for 9771 (89.8%) of 10 876 individuals who participated in the KNHNES. The data from 7962 individuals aged X20 years were used in this analysis.
The health interview, health behavior and nutritional surveys The Health Interview and Health Behavior Surveys included questions on age, smoking habits, alcohol consumption and exercise. Smoking status was divided into three categories: current, past, and never a smoker. The total number of pack-years of cigarettes smoked was calculated.
Subjects were questioned about whether they exercised regularly at a moderate intensity and the frequency at which they exercised per week and the length of time per exercise session. Alcohol consumption was assessed and was categorized into three groups according to the average daily alcohol consumption: nonconsumers, 1.0-14.9, 15.0-29.9 and X30 g alcohol/day. Daily energy and nutrient intakes were assessed by using a 24-h recall method and a food intake frequency method from the Nutrition Survey. 
Health examination study

Definitions of metabolic syndrome
We compared the IDF criteria 8 for MS with the 2005 revised NCEP criteria as proposed by the AHA/NHLBI. 9 The revised NCEP criteria proposed by the AHA/NHLBI require at least three of the following components: (1) abdominal obesity (waist circumference X90 cm for Asian men or X80 cm for Asian women), (2) triglycerides X150 mg/dl or receiving drug treatment, (3) HDL cholesterol o40 mg/dl for men or o50 mg/dl for women or receiving drug treatment, (4) systolic/diastolic blood pressure X130/ 85 mm Hg or receiving drug treatment and (5) fasting plasma glucose X100 mg/dl or receiving drug treatment. The revised NCEP criteria recommended the lower waist circumference cutoff for Asian Americans (i.e., X90 cm for men or X80 cm for women) because Asians are predisposed to insulin resistance, metabolic syndrome, and type 2 diabetes at lower waist circumferences than Caucasians. Therefore, we defined central obesity as a waist circumference X90 cm for men or X80 cm for women.
The IDF defined MS according to central obesity (waist circumference X90 cm for South Asian men or X80 cm for South Asian women) and at least two of the following components: (1) triglycerides X150 mg/dl or receiving drug treatment, (2) HDL cholesterol o40 mg/dl for men or o50 mg/dl for women or receiving drug treatment, (3) systolic/diastolic blood pressure X130/85 mm Hg or Metabolic syndrome by the revised NCEP and IDF YS Yoon et al receiving drug treatment and (4) fasting plasma glucose X100 mg/dl or receiving drug treatment.
For the analysis, the subjects were divided into three categories: the MS group, those simultaneously satisfying both the revised NCEP and IDF criteria (NCEP-R( þ ) and IDF( þ )); the discrepant group, those having MS according to the revised NCEP but classified as syndrome-free according to the IDF (NCEP-R( þ ) and IDF(À)); and the nonmetabolic syndrome group (NCEP-R(À) and IDF(À)), those not satisfying either set of criteria.
Framingham risk score
The Framingham risk scores (FRS) for coronary heart disease over 10 years was calculated for each man and women.
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Statistical analysis
The clinical and metabolic characteristics are expressed the mean7s.e. or percentage. Logarithmic transformation of continuous variables was used for variables showing positively skewed distributions. Student's t-test and the w 2 test
were used to examine differences between genders for continuous variables and categorical variables, respectively. One-way analysis of variance (ANOVA) with Bonferroni's post hoc test and w 2 test were used to determine the significance of differences across three groups. Analysis of covariance (ANCOVA) was used to determine if adjusted least-square means were significantly different across the three groups, adjusting for age (continuous), smoking status (never, pastsmoker or current smoker), alcohol intake (nonconsumers, 1.0-14.9, 15.0-29.9 and X30 g alcohol/day), exercise (no, irregular or regular), and percentage of energy from fat. ANCOVA was conducted to determine if adjusted leastsquare means were significantly different across the three groups, using FRS as the dependent variable and alcohol intake (nonconsumers, 1.0-14.9, 15.0-29.9 and X30 g alcohol/day), exercise (no, irregular or regular), and percentage of energy from fat as covariates. A Bonferroni adjustment was applied for multiple comparisons. All analyses were two-tailed, and the level of significance was chosen as P-values o0.05. All statistical analyses were conducted using SAS (v. 8.0; SAS Institute Inc., Cary, NC, USA).
Results
The demographic features, anthropometric indices and metabolic risk factors of study subjects by gender groups are presented in Table 3 shows the distribution of the adjusted means and standard error of the anthropometric and metabolic variables for the three groups, which were assessed using ANCOVA and adjusted for age, smoking status, alcohol intake, exercise and percentage of energy from fat. In men, the discrepant group showed a significantly lower mean BMI (23. The prevalence of MS satisfying both the revised NCEP and IDF criteria was higher in the older age group (Table 4) . Subjects classified as having MS according to the revised NCEP but as syndrome-free according to the IDF also showed increased prevalence with age. Figure 1 shows the distribution of the FRS for the three groups. The discrepant group showed a significantly higher mean FRS in both men and women (10.470.33 vs 6.970.13 in men, 12.370.51 vs 3.970.14 in women) than those without metabolic syndrome.
Conclusions
Using national data from Korean adults and the definition of MS proposed by the revised NCEP criteria, 25.7% of men and 31.9% of women were classified as having metabolic syndrome. These prevalence rates were higher than those obtained using the IDF definition of MS (14.2% of men and 26.6% of women).
The use of the revised NCEP and IDF criteria gives a greater prevalence of MS compared with the prevalence rates of 14.5% for men and 20.2% for women (data not shown) that Table 2 The lifestyle characteristics of the study population with or without metabolic syndrome according to the revised NCEP and IDF criteria Men Women Table 3 The anthropometric characteristics and metabolic variables of the groups with or without metabolic syndrome by the revised NCEP and IDF criteria
NCEP-R(+) & IDF(+) NCEP-R(+) & IDF(À) NCEP-R(À) & IDF(À)
P-value NCEP-R(+) & IDF(+) NCEP-R(+) & IDF(À) NCEP-R(À) & IDF(À)
Men Women
NCEP-R(+) & IDF(+) NCEP-R(+) & IDF(À) NCEP-R(À) & IDF(À) NCEP-R(+) & IDF(+) NCEP-R(+) & IDF(À) NCEP-R(À) & IDF(À)
No ( Data are least square means7s.e. *Log-transformed to improve normality; reported as inverse-transformed log means and s.e.m. a,b,c The superscript letters indicate no-significant difference between groups based on Bonferroni's multiple comparison test (significance o0.05). Abbreviations: BMI, body mass index; IDF, International Diabetes Federation; DBP, diastolic blood pressure, HDL, high-density lipoprotein; LDL, low-density lipoprotein; MS, metabolic syndrome; NCEP, National Cholesterol Education Program; SBP, systolic blood pressure.
Metabolic syndrome by the revised NCEP and IDF YS Yoon et al are obtained with the NCEP ATP III criteria (waist cutoff 4102 cm for men and 488 cm for women, fasting plasma glucose X110 mg/dl) in Koreans. 7 Applying the lower cutoff values for waist circumference is a major breakthrough in these new definitions of metabolic syndrome. The lower waist values suggested by both the revised NCEP and IDF criteria are generally accepted as being more capable of identifying subjects with high cardiovascular risk attributable to the syndrome because Asians have a greater risk at lower anthropometric cutoff values than Caucasians.
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The IDF criteria did not identify 44.9% of the men or 16.6% of the women identified with the revised NCEP definition of metabolic syndrome. One distinctive feature in our study was that the discrepant group had a more adverse metabolic profile, despite lower BMI and waist circumference values, than those identified with MS by both the IDF and revised NCEP criteria. Men showed a higher triglyceride level, and women showed a lower HDL cholesterol and higher triglyceride level in this group, which suggests that the IDF criteria fails to identify patients at high risk for CVD. Elevated triglycerides 16, 17 and low HDL cholesterol 18 are well established as independent risk factors for CVD. In this study, we found that unfavorable lifestyles were more prevalent in the discrepant group than in the MS group fulfilling both criteria or in the non-MS group. It is accepted that unfavorable lifestyle behaviors, including physical inactivity, 19 cigarette smoking, 20, 21 heavy alcohol consumption, 11, 22, 23 and an atherogenic diet, 24 can elicit clinical consequences of metabolic syndrome. Lifestyle interventions [24] [25] [26] [27] could reduce metabolic risk factors, which in turn could prevent CVD and type 2 diabetes, especially before they have begun to develop. The discrepancy was caused mainly by the waist circumference criterion that is a prerequisite for the diagnosis of the syndrome based on the IDF definition. In contrast, the revised NCEP criteria consider central obesity as only one of five equally weighted criteria. It may be hypothesized that, although the discrepant group did not show central obesity, they have metabolic abnormalities associated with these unfavorable lifestyles and that these may lead to the consequences of metabolic syndrome. Ruderman et al. 28, 29 insisted that metabolically obese, normal-weight individuals are also predisposed to type 2 diabetes, hypertriglyceridemia, and coronary heart disease like people with overt obesity; therefore, it is important to identify and treat these individuals before these diseases become overt. Insulin resistance can occur independently of obesity and apparently contributes to a high prevalence of type 2 diabetes and CVD. We could not examine whether the discrepant group was more insulin resistant than subjects without metabolic syndrome. Further research is needed to elucidate this point.
Notably, 44.6% of the men and 61.0% of the women (data not shown) in the discrepant group were 50 or more years old. The prevalence of MS markedly increased with age because advancing age affects the pathogenesis of metabolic risk factors and is itself an independent risk factor for CVD. 7 Insulin resistance also increased with age because aging can impair insulin signaling independent of the effects of Table 4 The prevalence of metabolic syndrome according to the revised NCEP and IDF criteria by age groups
Men
Women Metabolic syndrome by the revised NCEP and IDF YS Yoon et al changes in body composition, for example, higher body fat and loss of skeletal muscle 30 causing insulin resistance secondary to a proinflammatory state. 31 Although the clinical consequences need to be elucidated further, the application of different criteria may possibly result in a failure to identify high risk patients in older age group. For a clearer understanding, it must be determined whether the older individuals in the discrepant group are more insulin resistant than the younger individuals in the discrepant group or subjects without metabolic syndrome. We compared the differences in the Framingham risk scores (FRS) for each man and women, a well known predictor of coronary heart disease and stroke. 32 Not only those simultaneously satisfying both the revised NCEP and IDF criteria but also the discrepant group showed a significantly higher mean FRS than those without metabolic syndrome. From this finding, we could conclude metabolically abnormal but nonobese individuals are likely to have adverse long-term consequences. Our study has some limitations. First, the design was crosssectional. Second, recall bias might have been introduced because some data were collected through interviews. However, the strengths of this study were that the study subjects were a representative population-based sample of Koreans and that the anthropometric data were obtained from direct measurements.
Compared with the prevalence rates according to the IDF criteria, the prevalence of MS according to the revised NCEP criteria was higher. The revised NCEP criteria seem to be more appropriate for diagnosing MS given that the IDF criteria cannot identify high-risk patients who lack central obesity but who nevertheless show a clustering of metabolic risk factors mainly associated with bad lifestyle behaviors, especially in older age groups. To clarify the usefulness of the new definitions and to reduce confusion in applying these to clinical practice, further research regarding additional clinical factors of the discrepant group, such as insulin resistance, proinflammatory state, and prothrombotic state, is warranted.
